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A simple method is developed for rapid determination of fault parameters of a
large shallow earthquake from the azimuthal dependence in duration of strong
ground motion. The fault length and the direction of rupture propagation can be
evaluated by this method within a short time after the earthquake origin time. As an
example, the fault parameters are determined for the Tokachi-Oki earthquake of
May 16, 1968. They are consistent with thé main rupture process revealed by other
investigators from far-field long-period seismic records, near-field strong motion
records and aftershock distribution. Thus, the present method may be applicable to
near-field tsunami warning, provided that a sufficient number of digital accelero-
graphs are installed with a good azimuthal coverage.

1. Introduction

It is widely known that an azimuth effect due to the rupture propagation of a
finite fault can be detected on the observed radiation patterns of long-period body
waves and surface waves. By analyzing the azimuth effect, a number of studies have
been done to reveal the source processes of moderate to large earthquakes.
Recently, BOATWRIGHT and BoorE (1982) have found that an azimuth effect can be
seen also on the amplitudes of near-field accelerograms. They have shown that the
directivity is caused by the rupture propagation. IZzuTant and Hmrasawa (1984)
have pointed out that an azimuth effect is detectable on strong motion duration,
which is defined as the time interval between 59, and 859 of cumulative power
curve obtained from 5 to 10 Hz band-pass filtered ground acceleration. The purpose
of the present study is to develop a simple method for rapidly evaluating the fault
length and the direction of rupture propagation by making use of the directivity on
observed strong motion durations.

It is of great importance to obtain information about an earthquake source
immediately after the earthquake occurrence, because the information is useful for
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near-field tsunami warning. Kanamori and Given (1981, 1983) have presented a
method for rapid evaluation of ‘tsunami potential’, which is a scale to express the
vertical sea-bottom deformation due to an earthquake, by using near-field long-
period seismic waves. K ANAMORI (1985) has carried out some numerical experiments
to show the utility of the above mentioned method in the areas of Alaska and
Aleutian. OxAL and TALANDIER (1986) have proposed the use of T-wave duration
for rapid determination of the moment magnitude M,,, and shown the applicability
of their method to tsunami warning.

For reducing tsunami disasters, it is desirable to issue a precise tsunami
warning which includes the arrival time and the height of an approaching tsunami
at an arbitrary coast. Since the capability of a digital computer and the com-
putational technique have been greatly improved, the numerical simulation of
tsunami propagation is now possible within a few minutes (GoTo and SHUTO, 1985).
Therefore, if static fault parameters needed to calculate sea-bottom deformation are
obtained within several minutes after the origin time of an earthquake, it would be
possible to issue a precise tsunami warning.

For the purpose of evaluating two important fault parameters, the fault length
and the direction of rupture propagation, the azimuth effect on strong motion
durations derived from accelerograms will be used in the present study, because
seismic records by digital accelerograph at observation stations with epicentral
distances less than several hundred kilometers may be the most useful data available
immediately after the earthquake occurrence. In order to issue the tsunami warning
before a tsunami arrives, on-line data processing may be indispensable. Hence, we
give top priority to simplicity, not to completeness, in our method.

2. Method

2.1 Apparent duration of fault rupture

Figure 1 schematically illustrates a long rectangular faults, whose length is much
longer than the width, and a seismic ray toward an observation station in a
homogeneous infinite medium. The fault rupture is assumed to be propagated
bilaterally along the fault length as indicated by broad arrows in Fig. 1. The
apparent duration, d, of the fault rupture observed at the station, for example, is
given by the time interval between the first and the last arrival of S-waves. To a far-
field approximation in which the epicentral distance is large compared with the fault
length, d is expressed as

d=max[d", d%],
dV=(1—¢e)l{1—(v/B)cosb}/v, 1))
dS=¢l{14(v/B)cosB}/v.

The top equation of Eq. (1) means that dis equal to the larger value between d* and
d%. An asymmetric bilateral fault is considered here. The total fault length, /, is the
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Fig. 1. Geometrical relation between a fault and an observation station in a
homogeneous infinite medium. / is the total length of the asymmetric bilateral
fault and ¢/ is the length of the shorter part of the fault. The fault rupture is
assumed to be propagated bilaterally as indicated by the broad arrows. & is the
angle between the direction of rupture propagation on the longer part of the
fault and the take-off direction of seismic waves toward the station.

sum of & and (1—z¢)/, where 0<¢<0.5. v is the rupture velocity, f is the S-wave
velocity, and 6 is the angle between the direction of rupture propagation on the
longer part of the bilateral fault and the take-off direction of seismic waves toward
the observation station.

2.2 Use of strong motion duration

We intend to estimate the apparent duration of fault rupture defined in Eq. (1)
from the analysis of accelerograms recorded at observation stations with epicentral
distances less than several hundred kilometers. S-waves are generally predominant
on accelerograms, but we can hardly read objectively arrival times of the first and
the last S-waves. It is thus necessary to introduce a new parameter for the apparent
duration, d. We propose in this section the use of strong motion duration, D, as an
objectively definable substitute for 4.

TrRIFUNAC and BraDY (1975) defined the strong motion duration as the time
interval required for the Husid plot, which is the cumulative power curve of ground
acceleration normalized by the total power, to increase from 0.05 to 0.95. According
to DOBRY et al. (1978), the Husid plots derived from accelerograms of horizontal
component observed at rock sites usually showed a simple linear function of time
from the onset of S-waves, because the energy of direct S-waves was predominant
on the accelerograms. On the other hand, the Husid plots from accelerograms at
soft sites showed a gradual increase following the linear portion, and the gradual
increase was generally due to the energy of low-frequency components transmitted
by surface waves. Accordingly, the strong motion duration as defined by TRIFUNAC
and BrADY (1975) at soft sites for the same earthquake would increase with the
distance, because the arrival time difference between surface waves and S-waves
increases with the distance.
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Since we want to obtain information about earthquake source in the present
study, it is undesirable for the strong motion duration to be variable with the
source-to-site distance. In order to remove the effect of surface waves, we pass an
acceleration data, x(f), through a band-pass filter between 5 and 10 Hz, A(z). The

Husid plot, P(2), is thus defined by
t T
P(t)= j {x(¢) « h(t")}* dt’ / j {x(t") *h(t")}? dt’ )
0 [¢]

where the asterisk indicates the convolution, and T is the total duration of x(r). We
define the strong motion duration, D, as the time interval required for the Husid
plot, P(z), of the filtered ground acceleration to increase from 0.05 to 0.85. Here,
these particular values of 0.05 and, in particular, 0.85 were so chosen that D might
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Fig. 2. Examples of 5 to 10 Hz band-pass filtered ground acceleration and Husid
plot. D denotes the strong motion duration. Both examples are derived from
N-S component accelerograms due to the 1968 Tokachi-Oki earthquake.




Rapid Evaluation of Fault Parameters 175

not be affected significantly by an error in the estimated value of the total record
length T. In other words, we do not have to define so rigorously either the onset
time or the termination time of the seismic ground motion on a seismogram.
Izutani (1983) pointed out that the strong motion duration thus defined is almost
independent of the source-to-site distance and has positive correlation with the fault
length of the earthquake.

Examples of filtered ground acceleration and Husid plot are shown in Fig. 2.
The strong motion duration, D, is obtained objectively from the Husid plot. Both
examples are derived from N-S component accelerograms due to the Tokachi-Oki
earthquake of May 16, 1968. It can be seen that the strong motion durations at
different observation stations, Muroran-S and Miyako-S, are very different from
each other. This difference may be caused by the directivity due to the rupture
propagation and also by the condition of surface layers at the stations.

Since both D and d have positive correlations with the fault length, we assume a
simple relation between D and d as

D=Ad+B, 3)

where 4 and B are constants which may reflect characteristics of surface layers at
each observation station. For simplicity, 4 and B are assumed to be site constants
pertinent to each observation station and independent of the source characteristics.
Although Eq. (3) may be a crude approximation for the ‘real’ relation between D
and d, we have no positive reason at present for assuming a more sophisticated
functional form.

From Egs. (1) and (3), expressions for D are obtained as

D=max[D*, D],
D= A(1—¢)l{1 —(v/B)cos8}/v+ B, C))
D= Ael{1+(v/B)cos 6}/v+B.

These expressions suggest that an azimuth effect due to rupture propagation of a
finite fault may be detected through the analysis of observed strong motion
durations.

2.3 Preparatory procedure

If a sufficient number of data from many earthquakes are available, it is
theoretically possible to determine simultaneously the site constants of 4 and B, in
addition to the fault parameters. Because of our intention to utilize our method for
tsunami warning, however, the site constants should be known parameters in
evaluating the fault parameters. Moreover, since the number of data available is
limited in the present case, the simultaneous determination of all the parameters is
practically impossible.

If we have data from many past earthquakes whose parameters, ¢, /, v, and 8,
are known, we may be able to estimate the site constants for each observation
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station directly from Eq. (4). Unfortunately, however, we know only the earthquake
magnitude in most cases of the earthquakes. A further assumption is necessary to

determine 4 and B.
Since the observed strong motion duration, D, has a positive correlation with

the fault length, /, (IzuTani, 1983), we assume in the present preparatory procedure a
linear relation between D and / as
D=al+b, ©)

by neglecting the directivity effect due to rupture propagation as expressed in Eq.
(4). The coefficients, @ and b, can easily be obtained through a least squares analysis
of strong motion durations observed at each station. In this process, we use the
values of / which have been determined by previous studies through the analyses of
aftershock distribution, far-field long-period seismic waves, and so on. For
earthquakes whose fault length has not been presented, / is estimated by the
empirical formula of O1SUKA (1964);

log/=0.5M—18, 6)

where M is the earthquake magnitude by the Japan Meteorological Agency (JMA)
and /is in km.
By comparing Egs. (4) and (5), the following approximate relation between a
and A should hold;
a=(Fn)4 , (N
where the bar means an average value for the earthquakes used at each station, and
Fis
F=max[F", F},
Fl=(1—¢){1—(v/B)cos b}, ®)
FS=¢{14(v/B)cos b} .
Since the value of (F/v) cannot be determined from the observations, the theoretical
expectation of F with respect to ¢ and 6 is numerically calculated by using Eq. (8)
and by assuming uniform distributions of ¢ (0<¢<0.5) and 6 (in all directions). The

expectation of F is about 0.8 when v/ is 0.75. Therefore, Eq. (7) can be
approximated by

A=ai/0.8, ®

where 7 is an average value of v.
For a relation between B and b,

B=b (10)

is obtained by comparing the constant terms in Egs. (4) and (5).




Rapid Evaluation of Fault Parameters 177

2.4 Main procedure
Substituting Egs. (9) and (10) into Eq. (4), we obtain

D=max[Dt, D%,
DL =(a5/0.80)(1 — &)l{1 — (v/B) cos 8} +b , (1)
DS =(ai/0.80)el{1 +(v/B) cos 0} + b ,

where v is the rupture velocity of an earthquake whose fault parameters are to be
evaluated, and 0is the average value of rupture velocities of earthquakes whose data
were used to estimate a and b in the preparatory procedure.

Now we assume that the fault rupture is propagated in the horizontal
direction, that is, along the fault strike. The observational results by, for example,
KanaMmorr (1970a,b, 1971), ABE (1973), and KANAMORI and Cipar (1974) show
that this assumption may be reasonable for large shallow earthquakes. Then,
considering the S-wave propagation in the actual earth’s materials, we replace cos 6
in Eq. (11) by

cosf=cos(¢p—a)siny, (12)

where ¢ is the direction of rupture propagation on the longer part of the fault, and o
is the azimuth of the observation station. Both ¢ and « are measured clockwise from
the north at the epicenter. y is the take-off angle of S-waves, and

siny=p/c, (13)

where f is the S-wave velocity at the source region and c¢ is the apparent velocity of
S-wave.

Considering a small quantity of data in the present case, we introduce the
following two assumptions to decrease the number of unknown parameters;

v="7, (14)
and

5/c=0.6. (15)

The assumption of Eq. (14) means that the rupture velocity of the earthquake,
whose fault parameters are to be evaluated, is assumed to be equal to #. This
assumption may be acceptable, because rupture velocities of earthquakes in the
same region may reflect a local tectonic condition and may not be very different
from one another. :

According to GELLER (1976) who compiled the source parameters of many
large earthquakes, rupture velocity ranges from 1.4 to 4.0km/s. The apparent
velocity of S-wave propagated from a shallow focus to an observation station with
an epicentral distance of a few hundred kilometers may be about 4 or 5 km/s, which
is nearly equal to the S-wave velocity just below the Moho. Hence, as in Eq. (15), 0.6
seems to be a good approximation to 7/c.
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From Egs. (11), (12), (13), (14), and (15), we obtain
D=max[D* D%,
DY=(a/0.8)(1—e)l{1—0.6cos(p—x)}+b, (16)
DS=(aj0.8)el{140.6cos(p—a)} +b .

Qwing to the assumptions of Egs. (14) and (15), the remaining unknown parameters
are ¢, [, and ¢ for an earthquake. They are estimated through the main procedure by
minimizing the sum of squares of residuals between observed strong motion
durations and those calculated by Eq. (16). It may be understood from Eq. (16) that
the estimation of these parameters is rather insensitive to the assumed value of 7/c,
because /c is a coefficient for the term expressing the azimuthal variation of strong

motion duration.

3. Example

3.1 Data

We analyze 104 horizontal component accelerograms from-32 earthquakes
listed in Table 1. These accelerograms were recorded with SMAC-B2-type accelero-
graphs operated by the Port and Harbour Research Institute at five observation
stations, Kushiro-S, Muroran-S, Aomori-S, Hachinohe-S, and Miyako-S, in
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Fig. 3. Earthquake epicenters and locations of observation stations. The solid
circles indicate epicenters and the attached numbers correspond to those in
Table 1. The triangles indicate observation stations; Kushiro-S (Ku),
Muroran-S (Mu), Aomori-S (Ao), Hachinohe-S (Ha), and Miyako-S (Mi).
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Table 1. List of earthquakes.*

No Date** ) Latitude Longitude Depth M Fault length
" (Year.Month.Day) (*N) (°E) (km) (km)
1 1968. 5.16 40.733 143.583 0.0 7.9 150"
2 1968. 5.16 41.417 142.850 40.0 7.5
3 1968. 5.17 40.750 142.333 40.0 5.9
4 1968. 5.23 40.250 142.567 30.0 6.3 12%
5 1968. 6.12 39.417 143.133 0.0 7.2 80%
6 1968. 6.13 39.233 143.283 40.0 57
7 1968. 9. 3 42.783 145.717 60.0 52
8 1968.11.14 40.150 142.783 30.0 6.0
9 1969. 6.21 40.700 142.367 40.0 5.6
10 1969. 8.12 42,700 147.617 30.0 7.8 180%
11 1970. 1.21 42.383 143.133 50.0 6.7
12 1970. 9.14 38.683 142.333 40.0 6.2
13 1971. 8. 2 41.233 143.700 60.0 7.0
14 1972. 5.11 42.600 144.933 60.0 5.8
15 1973. 6.17 42.967 145.950 40.0 7.4 100
16 1973. 6.24 42,950 146.750 30.0 7.1
17 1974. 1.25 41.833 144.267 40.0 6.0
18 1974. 9. 4 40,183 141.933 40.0 5.6
19 1974. 9.20 42.683 145.100 50.0 5.5
20 1975.10.30 41.950 142.783 60.0 6.0
21 1978. 2.20 38.750 142.200 50.0 6.7 208
22 1978. 3.25 44.333 149.817 40.0 7.3 1007
23 1978. 5.16 40.950 141.467 10.0 5.8
24 1978. 5.16 40.933 141.450 10.0 5.8
25 1978, 6.12 38.150 142.167 40.0 7.4 808
26 1979. 5.17 42.767 144.817 60.0 5.0
27 1979.10. 2 39.933 141.883 60.0 5.0
28 1981.12. 2 40.883 142.600 60.0 6.2
29 1982. 3.21 42.067 142.600 40.0 7.1 30%
30 1982. 6. 1 38.683 142.333 40.0 6.2
31 1983. 5.26 40.357 139.073 14.0 7.7 10012
32 1983. 6.21 41.267 139.000 6.0 7.1

*JMA. **]JST. M, Earthquake magnitude.

References: ' KANAMORI (1971), 2 1zutant and Hirasawa (1978), ¥ YosHioka and ABE (1976),
4 ABE (1973), 5 SHIMAZAKI (1974), © SENO et al. (1978), " Supo et al. (1978), 8 SeNo et al. (1980), * TAKEO
et al. (1982), 1 SHiMaZAKT and MoRri (1983).

Hokkaido and northern Honshu, Japan (KUraATA ef al., 1972, 1973, 1974, 1975,
1976, 1979, 1980, 1982, 1983a,b; TsuCHIDA et al., 1969, 1970a,b, 1971). The
earthquake epicenters and the locations of the observation stations are shown in
Fig. 3, where the earthquake numbers correspond to those in Table 1. According to
JMA, the magnitudes of these earthquakes range from 5.0 to 7.9, the focal depths
from 0 to 60 km, and the epicentral distances from 30 to 460 km. We use this data
set to evaluate the site constants of @ and b for each station and the fault parameters
for the Tokachi-Oki earthquake of May 16, 1968 (No. 1 in Table 1).
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3.2 Site constants of a and b

Digital accelerograms are corrected by the theoretical response curve for the
SMAC-B2 accelerograph (1Al et al., 1978). The corrected accelerograms are filtered
by a band-pass filter between 5 and 10 Hz to remove the contribution from surface
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Fig. 4. Relations between the strong motion duration, D, and the fault length, /,
at five observation stations. The solid and the open circles are observations,
and the attached numbers correspond to those in Table 1. The dashed line
denotes the least squares fit for the data including the 1968 Tokachi-Oki
earthquake (Earthquake No. 1). The solid line denotes the least squares fit for
the data excluding the earthquake.
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waves. Then, strong motion durations are obtained as the time intervals between
5% and 85% of Husid plots as shown in Fig. 2. Strong motion durations derived
from two horizontal component accelerograms at the same station from the same
earthquake are generally not very different from each other, and are averaged to
obtain the strong motion duration, D, used in the following analysis.
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A least squares analysis is carried out by means of Eq. (5) to obtain the site
constants of a and b. The results for the five observation stations are shown in Fig.
4. Two different results are shown for each station. Result-1 (dashed line in Fig. 4) is
obtained from data including the 1968 Tokachi-Oki earthquake, and Result-2 (solid’
line) is obtained from data excluding the earthquake. Result-1 may be more reliable
than Result-2, because the data set for Result-1 is larger than that for Resulit-2.
Considering the purpose of the present study, however, we will use the site constants
of Result-2 in determining the fault parameters of the 1968 Tokachi-Oki
earthquake.

3.3 Fault parameters of the 1968 Tokachi-Oki earthquake

The data set for the main procedure of the present method is listed in Table 2.
The values of a and & are those of Result-2 obtained through the preparatory
procedure. Since the reliability of @ and 4 for Aomori-S and Miyako-S seems to be
poor as mentioned in the previous section, we arbitrarily give smaller values to the
weights of these data relative to those for the other observation stations. The five
observation stations cover about 150 degrees in azimuth around the epicenter of the
Tokachi-Oki earthquake.

We have only five data while there are three unknown parameters, ¢, /, and ¢,
in Eq. (16). We fix the value of ¢ at 0, 0.1, 0.2, 0.3, 0.4, or 0.5 to have a better
convergence in the least squares procedure. The results of least squares analysis are
listed in Table 3 (Solutions 1 to 6). The standard deviations for Solutions 1, 2, and 3
are smaller than those for the other solutions. The fault length of the longer part,
(1—¢)l, is the same for Solutions I, 2, and 3. It is easily understood from Eq. (16)
that D™ is always larger than DS irrespectively of azimuth when & is smaller than 0.2.
In such a case, a definite value cannot be obtained for the length of the shorter part,
¢l. This is an inevitable limitation of the present method. In order to overcome this

_limitation, it is necessary, for example, to use information about the amplitude of
ground acceleration together with the strong motion duration. Although we will
adopt Solution 1 for e=0 in the following discussion, this uncertainty of the fault
length of the shorter part should be kept in mind.

Apparent fault length, L, defined by

Table 2. Data for the 1968 Tokachi-Oki earthquake.

Stati o D a b w
tation (deg) ® (s/km) ®
Kushiro-S 14.50 33.14 0.189 5.75 1.0
Muroran-S 309.72 2141 0.162 4.62 1.0
Aomori-S 273.24 24.79 0.234 5.69 0.5
Hachinohe-S 264.16 52.00 0.300 5.98 1.0
Miyako-S 208.94 66.34 0.182 5.40 0.25

o, Azimuth; D, observed strong motion duration; a and b, site constants; W, weight.
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Table 3. Fault parameters of the 1968 Tokachi-Oki earthquake.

Solution & ! 0} o
No. (km) (deg) C(s)

1 0.0* 184.0+26.8 319.9+11.5 7.51

2 0.1* 204.4429.8 319.9+11.5 7.51

3 0.2* 230.0+33.5 319.9+11.5 7.51

4 0.3* 228.44+64.2 330.9+25.5 8.58

5 0.4* 183.54+40.7 20+£27.3 9.29

6 0.5*% 167.0+31.1 34.5+33.7 10.67

* Assumed value. ¢, Ratio of the fault length of the shorter part to the total length; /, total length of
the fault; ¢, direction of the rupture propagation; o, standard deviation.

300 T T r T T
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L (km)

100

0 ! L ] ] 1
210 240 270 300 330 (o] 30
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Fig. 5. Apparent fault length, L, plotted against station azimuth. The solid circles
indicate observations for Kushiro-S (Ku), Muroran-S (Mu), Aomori-S (Ao),
Hachinohe-S (Ha), and Miyako-S (Mi). The curve indicates theoretical
function L for Solution 1 in Table 3.

L=0.8(D—b)/a (17

is calculated from the data in Table 2 for each station and plotted against the
azimuth in Fig. 5. The theoretical function L of azimuth is obtained from Egs. (16),
(17), and Solution 1, and shown by the curve in Fig. 5. The theoretical curve well
accounts for the data for Kushiro-S, Muroran-S, and Hachinohe-S, which seem to
be more reliable than those for Aomori-S and Miyako-S as mentioned previously.

Table 4 shows the fault length and the direction of rupture propagation for the
1968 Tokachi-Oki earthquake, which have been obtained by various investigators.
All the results, including the present one, are consistent with one another. The fault
length is 150 to 200km, and the direction of rupture propagation is north to
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Table 4. The main rupture process of the 1968 Tokachi-Oki earthquake.

Length

(km) Direction
Kanamorl (1971)* 150 —
KANAMORI (1971)** 150 ~200 N~NW
Fukao and FurumMoTo (1975) 150 N24°wW
Iipa and Hakuno (1984) 200 —
Mor! and SHiMAZAKI (1984, 1985) 160 N~NW
KucH and Fukao (1985) 160 N~NW
ScHWARTZ and RUFF (1985) 170 N30°W
Present study 184 N40°W

*Based on aftershock area. ** Based on surface-wave analysis.

northwest. Further discussion about the faulting mechanism of this earthquake
appears in the next section.

4. Discussion

We have evaluated the fault length and the direction of rupture propagation
for the 1968 Tokachi-Oki earthquake in order to test the applicability of the present
method to tsunami warning. Many studies have been done to reveal the faulting
process of this earthquake, analyzing far-field long-period body waves, surface
waves, aftershock distribution, and so on. Let us examine the present result in
comparison with the results of the previous studies.

KaNAMORI (1971) obtained a focal mechanism solution from P-wave first
motions and long-period surface wave data; dip direction =S66°W, dip angle =20°
for one of two P-wave nodal planes, and dip direction=N60°E, dip angle="78° for
the other plane. The former plane was regarded as the fault plane. He observed a
slight asymmetry in the radiation pattern of surface waves. Noting that his data
could not resolve the details of the rupture geometry, he found that unilateral
rupture propagation over a distance of 150 to 200 km toward north to northwest
can explain the observed asymmetry. Taking the aftershock area into consideration,
however, he concluded that the dimension of the fault was estimated to be
150 x 100 km?. Figure 6 shows the epicenter location by JMA with a cross. The fault
plane by KANAMORI (1971) is projected onto a horizontal plane and expressed by a
solid-line rectangle.

NAGAMUNE (1971) pointed out that a remarkable phase with a large amplitude
was observed at JMA stations in Hokkaido and northern Honshu. He explained
this phase as the S-waves radiated from a place which is not the hypocenter of the
main shock. Figure 6 shows the relative location of this S-wave origin by a solid
circle with ‘N’

Fuxkao and FuruMoTo (1975) carried out a detailed analysis of the long-period
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Fig. 6. Source process of the 1968 Tokachi-Oki earthquake. The cross indicates
the epicenter of the earthquake by JMA. The chained curve denotes the
aftershock area within 24 h after the main shock, and the rectangle of the solid
line indicates the horizontal projection of the fault plane by KANaMoRI (1971,
1974). The solid circles indicate large subevents; N by NAGamune (1971), F1
and F2 by Fukao and FurumoTo (1975), M1 and M2 by MoRr1 and SHIMAZAKI
(1984, 1985). The area enclosed by the dotted line indicates that of strong
energy release by Ima and Hakuno (1984). The four areas (K1, K2, K3, and
K4) enclosed by the dashed curves denote those ruptured with large moment
release by KikucHI and Fukao (1985). Open circles indicate the starting point
(S1) and the terminal point (S2) of the main rupture by SCHWARTZ and RUFF
(1985). The present result (Solution 1 in Table 3) is shown by an arrow whose
length and direction denote the fault length and the direction of rupture
propagation.

P-waves, and found two large subevents at 57km S and at 93km WSW of the ini-
tial hypocenter. The locations of the subevents are indicated in Fig. 6 by solid cir-
cles with ‘F1’ and ‘F2’, respectively. They further concluded from their surface-
wave analysis that the main faulting commenced about 80km south of the
initial epicenter with a rupture velocity of about 4km/s, based on the assumptions
of the fault length of 150 km and the direction of rupture propagation of N24°W.

Iipa and Haxuno (1984) used an inversion method of accelerograms in order
to reveal the source-rupture process corresponding to the short-period wave
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radiation. They found that strong energy was radiated from the area enclosed by the
dotted line in Fig. 6.

Mori and SHIMAZAKI (1984) determined the locations of two large subevents at
97km W and at 148km NW of the initial epicenter, analyzing short-period
WWSSN records. The locations are shown in Fig. 6 by solid circles with ‘M1” and
‘M2°, respectively. By the least squares inversion of the intermediate-period
Rayleigh waves recorded at JMA stations, Mor1 and SHiMAZAKI (1985) found two
areas with large moment release at almost the same places of the two subevents
obtained previously by Mor1 and SHiMaZAK1 (1984). They interpreted their result as
that the main rupture direction was north to northwest and the rupture length was
about 160 km.

KixucHr and Fukao (1985) obtained the space-time distribution of point
sources with large moment release by means of the inversion of far-field P-waves.
Four areas enclosed by broken curves, which are marked by ‘K1°, ‘’K2’, ‘K3’, and
‘K4, respectively, in Fig. 6, indicate those ruptured with large moment release in
this time sequence. They concluded that the overall feature of the source process
was characterized roughly by unilateral rupture propagation over a length of about
160 km.

ScuwarTZz and RUFF (1985) carried out an analysis of the source time
functions deconvolved from the observed long-period P-waves. They found that the
starting point of the main rupture was at 87 km S10°E of the initial hypocenter and
the terminal point was at 168 km N30°W of the starting point. The two points are
shown by open circles with ‘S1’ and ‘S2’, respectively, in Fig. 6.

The results of these studies indicate that the 1968 Tokachi-Oki earthquake is a
typical multiple shock. However, the locations of large subevents or areas with large
moment release are slightly different from study to study. Although it is difficult to
derive a unique conclusion for the detailed process of faulting, the overall feature of
the rupture process is almost the same among these studies as seen in Table 4.

In Fig. 6, the present result is shown by an arrow, whose length and direction
denote the fault length and the direction of rupture propagation. Our result is
considered to be consistent with the overall feature of the rupture process derived by
previous studies. The starting point of the rupture is placed at the hypocenter in our
study. It is not possible for us to place the starting point at a different point, because
our information is limited to those available immediately after the earthquake
occurrence. If we tentatively place the starting point at ‘S1°, however, the present
result almost coincides with that by ScawarTZ and RUFF (1985).

It is confirmed through the above discussion that the strong motion duration is
a useful tool to rapidly reveal the overall feature of rupture process for large shallow
earthquakes. However, when the fault is exceptionally long, as in the case of the
1960 Chilean earthquake, the strong motion duration may not always reflect the
total length of the fault, because the contribution of the wave energy from a distant
part of the fault may be negligible and the Husid plot may reach 0.85 before S-wave
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arrivals from distant points. In order to cope with such a special case, an approach
different from the present one will be needed.

5. Conclusion

For rapid evaluation of fault parameters of a large shallow earthquake, we
proposed the use of strong motion accelerograms observed at stations with
epicentral distances less than several hundred kilometers. The strong motion
duration was defined as the time interval between 5% and 85% of the cumulative
power curve that is derived from ground acceleration filtered by a band-pass filter
between 5 and 10 Hz. Thus defined strong motion duration is affected not by the
source-to-station distance but by the directivity due to the rupture propagation of
the fault and also by the local site conditions at observation stations.

A simple method was developed for fault parameter determination from the
directivity on observed strong motion durations. With this method, the fault length
and the direction of rupture propagation can be evaluated for a large shallow
earthquake within several minutes after the earthquake origin time. In advance of
the practical application of this method, we should determine the site constants.of a
and b which represent the site effect on the observed strong motion duration. It is
important to analyze strong motion data from as many past earthquakes as possible
in order to obtain reliable estimates for the site constants, because accuracy of the
fault parameters estimated by the present method depends 51gn1ﬁcantly on the
values of a and b.

As an example, the fault length and the direction of rupture propagation were
determined for the 1968 Tokachi-Oki earthquake. They are consistent with the main
rupture process that has been revealed by other investigators from far-field long-
period seismic records, near-field strong motion records, aftershock distribution,
and so on.

The present method is very simple and efficient in rapidly evaluating the fault
parameters. It is concluded, therefore, that the present method can be utilized for
the near-field tsunami warning. From the viewpoint of its practical application,
there still remain some problems to be resolved. Some of them will be discussed in
more detail in a separate paper by Izutani and Hirasawa (1987).

We thank Drs. H. Tsuchida, S. Noda, E. Kurata, S. Iai, and T. Fukuhara of the Port
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